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Specification 

1. Name of Invention 

Enzyme Electrode and its Method of Production 

2. Scope of Claim 

1) An enzyme electrode characterised in that it has a layer 1 consisting 
of an electron conductive substance, and a layer 2 containing an electron 
conductive substance with an immobilised oxidi sing-reducing enzyme and an 
insoluble redox compound conjugate with the above-recorded enzyme. 

2) An enzyme electrode as in 1) of the Claim where layer 2 fixes a co-enzyme 
of the above-recorded enzyme. 

3) A method of production of an enzyme electrode characterised in that a 
layer consisting of an electron conductive material is moulded into one body 
with a layer wherein an oxidising-reducing enzyme is immobilised on a mixture, 
of an electron conductive substance and an insoluble redox compound. 

3. Detailed Specification 

This invention intends to provide an enzyme electrode which has 
electrochemical activity against the substrate on which the specific catalyti 
activity of the enzyme operates, which enables rapid and simple measurement 
of the substrate concentration, and which is capable of continuous and 
repeated use. This invention relates to an enzyme electrode which, by its 
combination with an oxygen electrode, etc. may be used to convert the 
chemical energy of a substrate into electrical energy. 

As an example of attempts at engineering applications of the specific 
catalytic action of an enzyme, trials have been carried out using a 
combination of an enzyme reaction system and an electrochemical reaction 
"system to detect the concentration of a substrate which is the substance 
which reacts specifically with the enzyme. In treating an enzyme reaction 
as an electrochemical reaction, the method has been employed, for example, 



where a suitable redox compound is introduced conjugatc-ly into an enzyme 
reaction system and where the oxidation-reduction reaction of this redox 
compound is detected electronically. In concrete terms, the redox compound 
which has been reduced (or oxidised) in the conjure reaction with the enzyme 
is oxidised (reduced) electrcchemically and the substrate concentration at this 
time can be detected as a current flow. However, because the expensive enzyme 
and redox compound are used in the dissolved state, they are lost each tine a 
measurement is made, and the operation of the measurement itself is troublesome 
In order to resolve these difficulties and facilitate repeated use of the 
enzyme, etc. and produce a practicable enzyme electrode, it is necessary that 
the enzyme and the redox compound be fixed into one body with an electron 
conductive substance as a collector. 

As a result of various tests carried out by the inventors on methods to 
obtain an enzyme electrode where these enzymes and redox compounds are fixed 
into one body, they discovered the method where, for example, a mixture of 
carbon powder and an insoluble redox compound was press-moulded and an enzyme 
immobilised on this moulding; or the carbon powder on to which the enzyme bad 
been immobilised beforehand was mixed into the above-recorded mixture and 
subsequently formed into a moulding. The enzyme electrodes thus obtained 
enabled rapid and convenient measurement of the substrate concentration. 

As an improvement of the enzyme electrode,, this invention, by means of 
its construction from a layer 1 consisting of an electron conductive substance 
and a layer 2 consisting of the electron conductive substance with the 
immobilised enzyme and a conjugate insoluble redox compound, largely reduces 
. the amounts of enzyme and redox compound employed,, and has succeeded in 
providing a high performance enzyme electrode. By means of this construction 
enzyme electrodes can be obtained by a very convenient method of production. 

Kg. 1 shows an example of enzyme electrode construction according to 
this invention.. In the figure, 1 is the layer 1 consisting of the electron 
conductive material , 2 is the layer 2 consisting of the immobilised enzyme, 
the insoluble redox compound conjugate with the enzyme and the electron 
conductive substance, both of these layers. being formed by moulding into one 
body. Layer 2 is the part which allows reaction between the substrate and 
the enzyme and redox compound, while layer 1 fulfils the roles of collector 



and base for layer 2. As Fig. 2 indicates, these two layers may be 
combined so that the reaction layer is prepared on both sides, ac necesr.aiy. 
Thus it is possible to construct ah electrode with the minimum necessary 
amounts of enzyme and insoluble redox compound. 

Next follows a description of a method of measurement using an enzyme 
electrode. Fig. 3 shows a measurement system for the measurement of a 
substrate concentration using an enzyme electrode according to this invention. 
In the figure, 3 is the recorder, 4 is the potentiostat, 5 is the reference 
electrode, 6 is ihe salt bridge, 7 is the opposite electrode, 8 is. the holder 
to which is fixed the above- recorded enzyme electrode 9, 10 is the phosphoric 
acid buffer solution of pH 5*6 containing the substrate. 

The enzyme electrode 9 is attached to the holder 8 so that layer 2 is 
in contact with the buffer solution, while to layer 1 is attached a lead 
of, for example, platinum. 

After the enzyme electrode 9 has been immersed in the buffer solution, 
the electrode potential is maintained at a fixed level against the reference 
electrode, and the variations in the oxidation-reduction current of the 
redox compound which accompany changes in the substrate concentration are 
detected. At this time, even when there is no substrate present, a residual 
current flows which accompanies the oxidation-reduction of the electron 
conductive substance, or the sample enzyme used in the- immobilisation, or 
impurities in the redox compound, etc. This residual current determines the 
S/N ratio of the response current produced by the reactions of the substrate, 
enzyme and redox compound. In order to raise the electrode performance, it is 
necessary that the redox compound and enzyme quantities be set at the minimum 
necessary limit, and that the optimum construction with the electron conductive 
material be used. By this means, design is possible for effective use of the 
high-priced enzyme and redox compound. K etal s stable in oxidation-reduction, 
or conductive metal oxides such as tin oxide, etc. can be used as the electron 
conductive substance. In particular, carbon is a chemically stable and a 
good electrically conductive material; also it does not hinder the enzyme 
reaction, etc. and so is favourable as the electron conductive material. 

Next follows a description of the method* of production of an enzyme 
electrode. First the powdered electron conductive material and insoluble redox 



compound are veil mixed. On to this mixture the enzyme (and, if necessary, the 
co-enzyme) is immobilised using a cross-linking reagent cuch as glutaldehyde, etc* 
Next a small amount of the mixture obtained, consisting of the electron conductive 
material, the insoluble redox compound and the immobilised enzyme, and the 
electron conductive substance are formed into one moulding, for example by 
press-moulding. A binder may also be used to increase the strength of the 
moulding. As veil as the method recorded above, various other types of method 
can be used in the immobilisation of the enzyme, such as direct chemical 
coupling of the electron conductive substance and the enzyme. 

Belov is a description of this invention given by the example of an 
embodiment. 

Carbon povder, such as acetylene black, graphite, etc. as the electron 

conductive material, is veil mixed vith chloranil as the insoluble redox compound. 

Next the reduction-oxidation enzyme glucose oxidase is immobilised on this 

* 

mixture using glutaldehyde. A small amount of this mixture of carbon, chloranil, 
and immobilised glucose oxidase is press-moulded into one body together vith some 
carbon povder. 

Fig. 4 shovs the variations in current values when using the above-described 

-4 / 

enzyme electrode, the glucose concentration vas set at 2 x 10 mol/litre. 

Kg. 5 shovs the relationship between glucose concentration and current increase. 

As is clear from the figures, this enzyme electrode has the excellent characteristics 

that it responds rapidly to the addition of substrate, it has a low residual 

current, and it has favourable response linearity against substrate concentration 

changes. 

Vhere the enzyme requires a co-enzyme, as in -the case of alcohol 
dehydrogenase, and vhen the enzyme together with the co-enzyme is immobilised 
on the mixture of electron conductive substance and insoluble redox compound, 
favourable response characteristics similar to those above are obtained. 

As veil as chloranil, other . insoluble redox compounds such as bromanil, or 
redox polymers, may be used as the redox compound. 

As has been related above, by this invention it is possible to obtain very 
easily an enzyme electrode vith excellent performance, and which is designed 
for effective utilization of the enzyme and redox compound. 




• • 4# Simple Description of Figures 

Fig. 1 shows an example of the construction of an enzyme electrode of 
this invention; Fig. 2 shows another example of construction; Fig. 3 shows the 
system of measurement of substrate concentration; Fig. 4 shows the response 
characteristics of the enzyme electrode against glucose; and Fig. 5 shows 
the relationship betveen glucose concentration and current increase. 

1 layer 1 

2 ..... layer 2 

Name of Agent, Nakao Toshio, Attoroey-st-Law and one other. 



